Antiserum to the rat pepsinogen (PG) purified by us was raised in the rabbit. We established a radioimmunoassay system for PG and measured the content of it in the digestive and urinary organs. Immunoreactive PG in serum was confirmed to be PG by high-performance liquid chromatography using an ion exchange column. Serum PG levels in pregnant or lactating rats were higher than normal. The maximum level during lactation was 6 or 7 times the normal value, and began to decrease from about the 16th day after delivery. Serum PG in infant rats was elevated along with the content of mucosal PG. In the measurement of serum PG levels in experimental peptic ulcer rats, no significant change was observed in Shay and cysteamine ulcers produced in the forestomach or/and the duodenum. However, serum PG levels rose significantly in rats with indomethacin, stress and ethanol ulcers, which represent injuries on the glandular portion.
Keywords
We have already reported that there are two kinds of acid proteinase in the rat gastric mucosa; pepsinogens (PGs) and cathepsins, and only PGs are secreted in gastric juice. [1] [2] [3] [4] [5] Human PGs are classified into A, B and C type zymogens, whereas rat PGs are C type zymogens. Secreted PGs change into pepsins which hydrolyze nutritional proteins under acidic conditions. Usually, pepsins do not digest healthy gastric mucosa, but they are able to digest it in peptic ulcer. Samloff and Liebman showed that serum PG levels were decreased in patients with pernicious anemia6) and increased in those with peptic ulcer.7) Thus, measurement of serum PG levels may provide important information for the diagnosis of gastrointestinal diseases. However, in order to utilize serum PG level for diagnosis of gastric disease, we must know what factors affect the serum PG level. Since several kinds of experimental gastric ulcers are available in the rat, we measured the serum PG levels of normal rats and rats with experimental gastric ulcers. The results are presented here. Materials and Methods
Chemicals -Sheep anti-rabbit immunoglobulin G (IgG) antiserum, 125I. and complete Freund's adjuvant were obtained from UCB Bioproducts (Belgium), New England Nuclear (Boston, Mass) and DIFCO Lab. (Detroit, Mich), respectively. Pentagastrin from Sumitomo Chem. (Osaka, Japan), histamine from Wako Pure Chem. (Osaka, Japan) and carbamylcholine, cysteamine (2-mercaptoethylamine), indomethacin and porcine pepsin from Sigma Chem. (St. Louis, Mo) were used.
Radioimmunoassay of Rat Pepsinogen Purification of rat PG was described previously.1) Briefly, ammonium sulfate was added to the supernatant of 10% rat stomach homogenate in 50 mm phosphate buffer (pH 7.3), and the precipitate at 25 to 80% saturation of ammonium sulfate was collected. The precipitate was purified by diethylaminoethyl (DEAE)-cellulose and DEAE-Sepharose column chromatography. Anti-rat PG antiserum was raised in New Zealand white rabbits immunized with the purified PG dissolved in saline and emulsified with an equal 
Contents of Pepsinogen in Various Organs
The contents of PG in serum, urine and the digestive and the urinary organs were measured (Table I) . A large amount of PG was found in the glandular portion of the stomach, but only small amounts in the forestomach and the duodenum. Other organs contained negligible amounts of PG. Although the content of PG in urine varied widely, it was about 10 times that in serum. 
Identification of Immunoreactive Pepsinogen in Serum
We also examined immunoreactive PG in serum by HPLC. The elution profiles of PG and acid-activated PG are shown in Fig. 2a . Pepsinogen and pepsin were separately eluted at different NaCl concentrations. Elution profiles of PG in 1 ml of serum, obtained from a normal rat or ethanol (1 h after instillation) or indomethacin (25 h after administration) ulcer rat are shown in Fig. 2b , c and d, respectively. We estimated that immunoreactive PG in serum showed the same retention time as PG and no contamination by pepsin was detected.
Serum Pepsinogen Levels
Serum PG levels in fed and starved male rats, as well as normal, pregnant and lactating female rats were measured (Table II) . Serum PG levels in male rats during starvation gradually rose, then decreased on the 3rd day. Those in rats on the 2nd day of starvation were 4 times as high as in fed rats.
Serum PG levels in pregnant rats were about 1.5 times those of ordinary female rats. Interestingly, serum PG levels in lactating rats were 6 or 7 times higher than that of normal rats, and they began to fall gradually from about the 16th day after delivery. However, the intravenously at 90 min intervals (Fig. 4 ). Acid and pepsin secretion were stimulated by these secretagogues, whereas serum PG levels were only slightly elevated by histamine and carbamylcholine.
Serum Pepsinogen Levels in Experimental Gastric or/and Duodenal Ulcer Rats
The experimental gastric or/and duodenal ulcers were divided into two groups, one consisting of glandular injury induced by indomethacin, ethanol or stress, and the other of forestomach or/and duodenal injury induced by cysteamine or pyloric ligature. Serum PG levels in these experimental ulcer rats are summarized in Fig. 5 and Table III. Serum PG levels of starved rats at 25 h after injection of indomethacin were about 2.5 times the control. Clear injuries were seen at 15 and 25 h judging from the ulcer indexes. Serum PG levels of rats under restraint and immersion stress at 15 h were about 4 times the control and significant changes in ulcer indexes were observed, even at 2 h after the stress. After instillation of ethanol through a stomach tube into starved rats, great increases in serum PG levels were seen; within 1 h, the level increased about 5 times, and at 5 h, about 10 times. However, the ulcer indexes determined at 5 h were only twice those at 1 h.
On the other hand, ulcer indexes in rats with experimental forestomach ulcer caused by pyloric ligature were large at 5 and 10 h, but serum PG levels showed no significant difference from those of the sham operation. In cysteamine ulcer, serum PG levels and ulcer indexes were measured at 18 h after cysteamine administration. Cysteamine ulcer was divided into two groups, one in which the duodenum is injured and the other affecting both the duodenum and the forestomach. Serum PG levels in cysteamine ulcer rats with injuries of both the duodenum and the forestomach were higher than those of the duodenum only. However, neither group showed a significant difference from the control. Scores. c) mm2.
Discussion
We have shown that anti-rat PG antiserum raised in the rabbit gave a positive Ouchterlony test with mouse and hamster PG, but a negative one with porcine PG.2) The antiserum also reacted to rat pepsins. Using this antiserum, we quantified the contents of PG in the digestive and urinary organs, serum and urine by RIA. A very large amount of PG was found in the glandular portion of the stomach. Immunoreactive PG was not detected in the prostate gland, which is known to produce gastricsin.15,16) Therefore it seems probable that immunoreactive PG in serum and urine comes from the glandular portion of the stomach, and anti-rat PG antiserum does not react with intrinsic proteins other than rat PGs and pepsins. The content of PG in urine varied so widely that we concluded that the measurement of PG in serum would be more useful.
Proceeding to the measurement of serum PG levels, we examined whether or not immunoreactive PG in serum is PG itself. If serum PG diffuses back from the gastric lumen, immunoreactive PG in serum should be pepsin. However, the elution profile of immunoreactive PG in serum on HPLC with a TSKgel DEAE-5PW column showed that the serum PG obtained from normal or ulcer rat had the same retention time as PG derived from the gastric mucosa. The following experiments were done on the premise that immunoreactive PG in serum is PG itself.
First of all, serum PG levels in normal rats of different age, sex and condition were measured. We found that serum PG levels changed during starvation; they increased first and fell later. These results suggest that serum PG levels in man depend upon the time after eating. Waldum et al. reported that there was no significant difference of mean human serum PG I levels at different stages during pregnancy.17 However, slightly higher levels during pregnancy were obtained in the rat. Furthermore, serum PG levels during lactation were much higher than those during pregnancy. Needless to say, the content of mucosal PG and the size of the stomach during pregnancy or lactation are almost normal, so that higher serum PG levels might be due to enhancement of the stomach function. It was confirmed that the high serum PG levels during lactation began to decline from the 16th day, that is around the weaning period.
On the other hand, in immature rats mucosal PG began to be synthesized from around the weaning period and serum PG levels paralleled the increase. Much PG was found in the circulation at the 30th day after birth, even in healthy immature rats. These results also suggest that serum PG levels reflect stomach function. It is not clear why an exocrine enzyme should be released into the circulation as a result of an enhancement of stomach function in normal conditions. We examined whether or not serum PG levels were elevated in perfused rat stomach in vivo by the stimulation of PG secretion. Serum PG levels were slightly elevated by carbamylcholine and histamine, whereas peptic activities in gastric effluent were about twice the basal ones. Similar results in man were observed by Waldum, 18) i.e., vagal and hormonal stimulation increased serum PG levels.
There are many reports about the relationship between serum PG levels and gastric diseases in man, and high serum PG levels were described in gastric and duodenal ulcer patients. We were uncertain why high serum PG levels were observed in duodenal ulcer patients, though only a very small amount of PG existed in the duodenal mucosa. We separately examined serum PG levels in two kinds of experimental peptic ulcer in the rat, in relation to the amount of PG in the injured part, i.e., the glandular portion of the stomach and the forestomach or/and the duodenum. High serum PG levels were observed in the experimental injury at the glandular portion, but not at the forestomach or/and the duodenum in rats. High serum PG levels were found in rats with experimental ulcers in the glandular portion. However, there is a big discrepancy in serum PG levels between duodenal ulcer patients and experimental duodenal ulcer in the rat. It is known that hereditary factors are similar in each type of experimental rat, whereas this would not be the case in patients. As we have suggested that serum PG levels might reflect stomach function, it seems likely that enhanced stomach function causes duodenal ulcer in most cases in man. Serum PG levels and ulcer indexes in the same ulcer model were not correlated, and this may suggest that serum PG does not originate from the injured mucosa but from the repairing mucosa. Moreover, among the experimental ulcers of the glandular portion of the stomach, there were marked differences in serum PG levels between stress and ethanol ulcers, even if they showed similar ulcer indexes (which represent the degree of injury). Different types of mucosal injuries may occur in stress and ethanol ulcers.
